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COMPLETE SPECIFICATION 

Si3N Oa Company. 



Wc, S13N Oa Company, a corporation 
arganized under the laws of the State of New 
Jroy, United States of America, of 1508, 
Walmj Street, Philade^Jhia, pSmsylvania^ 
united States of America, do hereby declare 
tue mvenuon, for which we pray that a patent 
may be granted to us, and the method by 
which It js to be pcifoimed, to be particularly 
desaibed m and by the f oUo wing st^ement - -i 

This mvenrion relates to the production of 
hydrocarbons fxom wells and more particularly 
isdirectwi to method and means for produdne 
wcU flmds from a plurality of f otmations pene- 
trated by a well *^ 

In weU drilling practice a single weU may 
traverse a plurahty of fomattons which coik 
tain oil or gas. It is often desirable in such 
casa to complete the well for simultaneoos 
producnon for more than one of the forma- 
tions penetrated. The conventional procedure 
for ctemg this is to eficct a dual completion 
and flow from a lower fomiation tfarourfi the 
well tubing while flowing from a higher toma- 
uon through the annuUis bttween the tubing 
and ^g. Chokes are provided at the weU 
l^ad for separately regulating the rates of flow 
01 the two streams to conform to the allowable 
producnon rates for each rone. 

m foregoing method of duaDy completing 
awdl IS unamsfactory for several r^ason^ 
TOducaon throv^ the annulus is hazardous 
due to the fea that the fluid stream tends to 
cause aarosioa and erosion of the casing, 
dietely altowag the possibility of a blowtra? 
or snbterrBnean loss of hydrocarbons to an 
upper f onnanon. Also, when it becomes ncccs- 
sary to utilfae gas lift to effect flow from the 
toimanwis, the gas lift can be applied for only 
rae zone at a time and that only in an ineffi- 

^^^^e^"*' ^ I»«fc«C 

oon strata cannot be depleted smiuhaneously 
to nwny cases this results in large quantitiei 
of otherwise recoverable oil being left in the 
reservoua A furth er unsatisfactory condition 



salt water. Due to ineffidem flow in the 
fflanulus, sak water accumulates therein and 
Aus loads 1^ the wdl and scops the oil flow. 
Production from that zone dien is generally 
ab^doned. Later attempts to prodna from 

ducted rften fail to restore the production. 
Still another drawbadt in conventional dual 
coi^lcuons results from parafSn accumulations 
in die fflinuhis which are difficult to remove 

An object of the present invcniicm is to pro- 
vide means for completing a weU for simul- 
taneous production from two or more zones 
ri^i rt"^^ disadvamages of conven- 
S ^^^^"^Pi^'ODfi such as those described 
nnT^ ^^'^ P«>^<Ie means 

f ™?fT^ for multiple zone production from 

^iflh^^ ^"^^ conditions 

such that flow from a zone of relatively hifih 
pressure can be utilized to effea or aid the 
now Horn one or more zones in which the 

control device^ hereinafter described, which 
Me positioned m the weU mbmg adjacem the 
producnon f ormauona. Fhiids from the forma^ 
nons paa as separate streams through the flow 
cmitrol devices and thereafter comminde in 
the tobing and flow from the tuhins « the 
well head as a single stream. The flmv control 
devices contam chol% means which cause a 
aiml stream from a zone of high pressure to 
undergo a sharp pressure drop prior to com- 
mmghng with another stream. The resuldng 
pie^e reduction causes or ladlitates the flow 
^^o^ one or more of the zones of 
relatively low pressure. By operating in diis 
m^er oU from a high prJsure zone ^ 
release solu^on gas as the pressure is reduced 
and Ae hftmg effect of the released gas and 
any free gas already present in the ofl stream 
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can te utilized to effect or aid the flow from 
at kast one of the other zones. Prcdnctiaii can 
be secured from any desired number of fbrma- 
xians amulmcousty, even daw^ flow from 
5 some of them nomidly would not be obtained 
from a qn^br completion well in sudi forma- 



The invention is more specffically described 
with reference to die aooraipaiiying drawing? 

10 m which: ... « 

Fig. 1 is a amplified cross-sectional view oi 
a well hi whidi one type oi the flow omtcol 
device has been used for completing the weU 
to produce from an upper zone dnou^ portt 
15 in the tube and from a lower zone through the 
bottom end of the tubing. 

Figs. 2— A and 2— B, taken togedier, con- 
stitme Fig. 2 whidi is an etevarional ooss^ 
secti<mal view illustrating m detail a form ot 
20 flow control device. . 

FlgB. 3, 4, 5 and 6 arc cros&-sectt<Mial views 
of the device of Fig. 2 taken on die lines 3—3, 
4—4, 5—5 and 6—6, respectively. 
Fig. 7 is a schematic iliustration of a wcu 
25 twveiang two production zones and in which 
another fonn of flow control device is em- 
ployed. 

Fig. 8 is an devational aoss-secaonal view 
Dlnsirating in more detail the flow control 
30 device diown in Fig. 7. . * -i 

Fig. 9 is a schematic illustration of a weU 
traversing two production zones die upper of 
whidi has insnffideoi pressure to permit flow 
into the well tuWng and which has been pro- 
35 vided widi means for inienmttEntiy f orong oil 
from the upper zone rato die tubing. 

Fig. 10 is a schematic illusiraiion of a wdl 
completed for production from two zones in 
which means are provided for intro d urmg gas 
40 from die surface to aid in lifting the ntuxed 
streams of oil in the mbing. 

Refening now to Fig. 1, a weU is shovm 
whidi has a caang 10 which has been cemented 
in place in the usual maimer by cement body 
45 11. The wbE traverses two production zones, 
aiitrated as Zones A and B, whidi may be 
either &s or oil formBtiwis. The casmg has 
been perforated for production from both zones, 

as iUuttraied by perforations 12 a^ accnt 
m Zone A and pwforations 13 adjacent lower 
Zone B. A tubing string 14 is positioned in 
the casing and ic annnlus therebetween is 
closed off near the bottom of the tubing by 
means <rf podcer 9. The tubmg carries a land- 

59 ing nipple 15 adapted to receive the flow 
control device \siilch is held m position by 
means of conventional latdies 16 provided at 
the top of the device. The landing nipple is 
positioned adjacent Zone A and contains ports 

60 17 for receiving fluid from the formation. 

The flow comrol device, which is positioned 
in the landing nipple in conventional maimer 
by means of a wire line, comprises a cylindrical 
housmg 18 which fonas an annnhis 19 with the 
65 landmg nii^ple, and which contains ports 20 



for passage of Avid from Zone A. Pa^g 
iiKans21 positioned above and below die pons 
17 and 20 prevent fluid flow atong die ammhis 
19 and require the fluid ro flow through pcr- 
f oratians 20 in the hoosmg. The housing con- TO 
tarns a baffle member 34 whidi fonns an 
tmnnlflr upwatdly cmnding flow chann d 22 
that leads to a poR 23 in transverse baffie 24. 
A lesiltent cfaed: valve member having a drcu* 
lar edge 25 is provided in flow channel 22 75 
tD prevent backflow of fluid toward Zone A, 
Any downward flow of fluid feom port 23 
cau y^ edge 25 of the valve to move outwardly 
flg qinyy ^ edge of die housmg wall at 26 and 
dose the annular diannel, thus preventing 80 
downward flow. The check valve should be con- 
structed of a tough material, such as neoprene, 
which is tmaffected by well fluids and which 
has sufficient flexibility for movement of the 
edge 25 against the valve seat 26. 85 

The transverse baffle 24 contains a second 
port 27 which is threaded for receiving a choke 
28 that serves to regulate the flow from the 
lower Zone B. Pen 23 also may be threaded 
for receiving a dioke (not shown) iu cases 90 
yftiut the pressure m Zone A is high. Baffle 
24 has a cylindrical extension 29 positioned 
inside baffle 34 and "O" rings 30 are pro- 
vided for scaling the annulus therebetween. 
Extensicm 29 thus forms a passageway leading 95 
to port 27 and choioB 28. 

In a bwer part of housmg 18 murther oaflle 
31 is positioned to form an aimnlar flow 
channel 32, and another resilient diedc valve 
33 is provided in the channd to prevem hack- lOO 
flow of fluid toward the lower Zone B. 

It may be seen that the device as above 
described provides two separate flow djannds 
for the fluids from the two formations, which 
diannels terminate adjacent each other in the 105 
well tubing at which point the flowing fluids 
mix widi each odier. The device also has die 
important feature of providing throttiing means 
(i^., one or more chokes) for reducing the 
pressure of either or both fluids prior to their HO 
admixing. It further mchides means for pre- 
venting bad^ow to dther formation so that 
fluid mmi one formation in^ no case can flow 
to and enter the other formation. 

For the purpose of illustrating advantages 115 
of the present invention, assume that Zone B 
of Fig. 1 is a high pressure oil zone bu t ^ t 
Zone A has a pressure which is too low m over- 
come the hydrostatic head fai the well and 
hence would not normally flow. The deyicc of 120 
Fig. 1 can be employed so as to utilize the 
fluid flow from Zone B to cause flow from 
Zone A. A choke 28 havmg an openmg of 
ap p ropriate size to secure the aHowaWe rate 
of flow from die lower zone is placed in port 125 
27. Flow from the tower formation is then 
begun. The sharp pressure rednction resuhing 
from passage of the fluid through c hoke 28 
causes fluid from die low pressure zone to 
flow tfarou^ the control device and issue from IK 
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port 23. The two streams ihm mix and the 
mixture flows upwardly k the tubing. When 
B IS an oil formatioii, the sharp pressmc 
drop at the choke causes sohitioa gas to be 
^ refcascd and the released gas and any free gas 
Jtoady present in the oil stream provides a 
immg acuon which aids the flow of the mixed 
smams Wh^ Zone B is a gas formation, 

Ujntiol of the rate of flow from the upper 
«mc can best be achieved by r^ulating the 
^nssure of tl» flowing stream at the wcH head, 
which i^eially can be done wi&out substEB^ 
uaDy affecimg the flow rate from the high 

»5 pressure fonnatian, Afecmatively, control of 
tite rate of flow from the upper rone can be 
^ected by means of a choke of appropriate 
diroat si2e in port 23. 

By empbying the device in the foregoing 
mamicr, produoion can be accomplisfaedf^ 
a dead zone, i.c., a zout which has fnsuffi- 
aent pressure normally to overcome the 
hytoKtatic head of the column of fldd in the 
wen. The "dead" zone can be cither titt upper 

25 or lower zone and the device will work equally 
as well; provided that when it is the lower 
fon^it much have enough pressure to permit 
Its fluid to nse to the level of the mtroi 
devioe. 

30 In one particularly u^ embodiment of the 
invention, a gas sand penetrated by a "dead** 
wdj, which mitially was a single completion 
weQ m an ofl zone, can be utilized to flow oil 
trom die oil zone. One or more gas sands 

35 ccnmonly are available m sfoglc compledon 
oa wdls. When the reservoir pressure has 
dropped enough that the desired rate of oil 
flow cannot be maintained, a control device 

Ai> Fig. 1 can be placed in 

40 the weU to obtam a flow of gas from the gas 
sand into die weU tubing. The gas sand ^ 
be one which is eidier above or bdow die oil 
sand. Gas can be admitted to the tubing 
through a choke of the proper size to obtain 

45 a gas rate diat vnU effect the desbed lifting 
action on the oil column. Thus energy derived 
from the gas reservoir can be utilized to secure 
die dcsued rate of flow from the "dead" oU 
formation. 

50 ^rr^g now to Figs. 2— 6, a more detailed 
form of flow control device is shown which is 
adapted to be andioredin a conventional land- 
ing mpple as described in connection with Fig 
1. The device is landed in a nipple 40 having 

55 side ports 41 for entrance of well fluid from 
tlie formation adjacent to whidi die device is 
anchored. An elongated assembly 46, which 
piojwts through the bottom of nipple 40 as 
Jown at 42, provides a channel for upward 

60 flow of flmd entering side ports 41 and a 
sepai^ channel for flow of fluid from one or 
more lower prodnctioD zones which fluid enters 
Jnn^ longitudmal ports 43 at the bottom. 
Pacfang members 48 are provided above and 

65 below side ports 41 to seal off the axmuhis 



bemeen landmg mpplc 40 and assembly 46. 

Pom 43 at die bottom lead to a angle flow 
zone 44 m which is positioned a resilient check 

^^f^ If.l'^P?*^ ^ downward 

44 a replace^ 70 

for controlhng the rate of flow of flm^dcrived 
from die lower fonnation. From the choke 49 
^ flow channel leads dirough central chamiel 
51 and offset channel 52 which leads to a 75 
common passageway 53. 

The separate flow channel for die fluid 
entermg dm>ugh side ports 41 includes pons 
.kJ! assembly 46, an annular 

cJiamd 55 tbt^ and a communicating lonsi- so 
tudmal channel 56 which terminareTat Ae 
commai passageway 53 leading to the m>pcr 

; rh'^t^^'lf as indicated at 57, to' receive 
a choke (not shown) mease it should be desir. 85 

this point. A reahent check valve mcmoer 58 

dtvice shown in Kg. 2 for securingTt in 
^dmg nipple in a tubing gtring. llfa dcvia 
Wns m e«enrialty the same asd^ 

of suet (tevices can be used at appropriate loca- 
pons m the wdl tubing for regZting Teff^ 
mg flow from a phmUity of fonnSfanT^ 
taming ofl and/or gas. uras con- 

R^ning now to Ffe 7, a secdon of a weU inn 

torn adapted to be seated in a side Docket 
m^dtrl a« utilized for a^M^th^S 
from two separate production zones located 
above one or more lower zones. The well im: 
mdud^aperfonitedcasingSOpassingSLS 
Z^es A and B and a tubing JSig « mride 

^r^vS^/l'""^' ^ «PP«' 2«« « ride 
^ ^^d62 is positioned in the tubing 

^^rJ^^'^'i *e lower zon" 

How control tools 64 and 64» of the 

Jn^S^ ^ Fig. 8 are iLL^i^"^ 
ade pockets of the mandrels. The side podS 
^ mandrel and the side of each tK „. 

-?°P'="^J^«»f°'fl«>wofthe 
fomiation fluids. Tools 64 and 64> have 

pSTJ^! passes to the tubing striii 

be «I*J<; Jr • ^1? "«™Wy arrangement can 
be emptoyed m the same manner as that of 

Sll L "?*™8 a gas sand to effea oil 
now from a "dead" zone. 

"S?^ P'°*'»'=«>g a«w have been 125 
^ "> Fig. 7, it should be understood 
dm arrangement can be used for any desired 

.^"T^ in the well on a wire line 
ana set m place by means of a iidc-«ver device 130 
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ioiowa in die arc By having the tools pl&oed in 
the mandrei side poctets^ the tolnng string 
mnains open and a wire line can be run to 
any desired depth \ntfaout any necessity for 
5 pxevioualy removing tools placed above sodi 
depth. This is advantageous since it allows any 
tool to be polled from the TOli vwdwut disturb- 
ing any of the others. Thns any one of the 
production zones can be alectiviEly addized, 
10 chemically treated or fractured without affect- 
ing any of the other zones. For example, if it 
is desired to addizc S^one B, control tod 64* 
would be removed and add vronld be pumped 
down the n^ing and into the formatiQn throi^ 
15 the ports in the mandrel and casmg. The 
check valve 72 (Fig. 8) in control tool 64 
would prevent add from reaching Zone A. 
Litewise any desired formauon con be selec- 
tively woifced over or treated for sand control 
20 without removing the well tubing and without 
the possibility of damaging any other formadon 
by introducing drilling mud into the well as 
done in conventional practice. 
Fig. 8 illustrates tool 64 and mandrel 62 in 
75 more detail The mandrel contains a cylindrical 
side pocket 63 a portion of the left-hand edge 
of which meiges into and is actually mtegral 
with the mandrel walL The mandrel contains 
perforadons 65 for admission of the formation 
30 fluid. Tool 64 oomprises a housing 66 having 
side ports 67 in fluid comnumication with the 
mandrel pexfoiatioiis. At the upper part of the 
housing latdi means 68 and a piQling head 
69, each of canvenrioi^ design, are provided. 
35 Sealing means 70 are provided above and 
below perforations 67 for sealing the annular 
space between the mandrel side pocket 63 and 
housing 66. The housing provides a dofwnfiow 
rfrannrl 71 in which is positiwxed resilient 
10 dieck valve member 72 to prevent backflow 
toward the formaticm. The diannel terminates 
at the bottom of the tool in a chds 73 having 
throat 74 through vMdi the formation fluid 
issues into the. tubing string. 
45 Referring bad: to Fig. 7, assume that Zone 
Aba high pressure oil zone and that Zone B 
is an oil zone having a low pressure such that 
it would not normally flow from a single com- 
pledon well. The pressure of Zone B, however, 
50 u snffident to lift its fluid to the level of Zone 
A. It is assumed in tbis instance that the wdl 
tubing Is plugged off beneath Zone B. The 
arrangicment ^own in Fig. 7 wiU peontt pro- 
duction of oO from Zoe» B in addidon to 



Zone A. Flow of the Zone A oil throu^ the 55 
choke in the bottom of the tipper contrQl tool 
results in a reduced pressure in the tubing at 
this point. Some of die gas in solutitm in the 
Zone A oil prior to reducing its pressure will 
come out of sohirion and thus aid m lifdng the 60 
Zone B oil to the top of the welL Thus a 
mixed stream of oil from the two zones can 
be withdrawn at the well head. By having the 
propa- choke size in the control tool adjacent 
Zone A, producuon from this zone at the 
deared or aDowable rate can be obtained. The 
rate of flow from the lower zone can readily 
be regulated by appropriately setting the 
pressure in line 75 at the well head by means 
of back pressure vah^ 76. Alternatively, such '0 
rate can be controlled by having a choke of 
the proper size in the conuol tool adjacent the 
lower zone. 

The followmg is a specific ilfaistratioa of an 
embodiment of the present invention as it 75 
would be appHed to a well whidi penetrated 
two oil sands at depths of 8536— -8544 and 
8626—8629 feet, tespccdvely. The well had 
originally been dually completed in conven- 
tional manner for producdcm from the upper 80 
zone throu^ the annulus and from the lower 
zone through the tubing. The allowable pro- 
ducuon rates for the upper and lower zones 
were, respecrivcly, 30 and 7 barrels per day. 
After produdng m this manner for a period, w 
the well ceased to flow from the upper zone, 
due to a drop in its pressure. At that time the 
static bottom hole pressure for the upper zone 
was 2295 p.si.g. while the stadc and flowing 
bottom hole pressures for the lower zone were 90 
3577 and 3551 p.s.i.g. 

The present invention can be applied to the 
above described wdl in the following manner 
to obtain producuon from the upper zone. In 
the perforated hmding nipple in the tubing 95 
adjacent the upper zone a control device of the 
type shown in Fig. 2 is located. The device 
contains a choke of the appropriate size for 
maintaining the rate of flow from the lower 
zone at 7 barrels per day. A bai^ pie^ure 100 
regulator, such as shown m Fig. 7, is provided 
in the flow line from the well tubing to control 
the rate of productnxi from the upper zone. 
Varying the back pressure at the surface by 
means of die regulator will catise the flow rates 105 
from the two zones generally to approximate 
the following values: 
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600 
900 
1200 
1500 
1600 
2500 

Thus, by regulating the pressure at the surface 
to a TOhie slightly less than 1200 p.sJ.g^ the 
allowabfc production rates can readily be main- 
tamed. As production in this manner continues 
and the formation pressures drop, the desired 
MM of production can be maf^tfl mnl by 
decreasing the surface pressure by means of 
the regulator. 

Fig. 9 illustmtes a well which has been 
dnany completed in Zones A and B in the 
manner of the present invention and which is 
provided with means for admitting extraneous 
gas under pressure to the annnhw between the 
casmg 80 and the well tubing 81. The annulus 
16 BMJcd bctwMB the two zones by means of a 
pate- 82 and the tubing siring contains a 
control device, shown genSally at 83, such as 
die device shown in detoU in Figs. 2—6. Zone 
A IB a "dead*' zone which has suflSdent pressure 
to cause tl» liquid to rise in the anTinlit^ ^ 
the level shown at 84 but insufficient to force 
the hqmd through the control device into the 
wcU nabjng. At die well head a gas supply 
hiK 85 18 provided with a time controlled gas 
mjecimg and venting device 86. This device 
alrenxately admits gas under pressure mto the 
anmiUK and then vems the gas through line 
2l ?A? ca«»8 an intermittem pumping of 
M ofl from the annulus through control ^vice 
83 into the tubing. The fluid from high 
pressure Zone B then serves as the means fir 
flowmg the annulus oil to the surface. Upon 
passmg dirough the choke provided m control 
dewce 83, the Zone B oil releases solution eas 
aiMi the released gas aids in Kfiing the miwi 
oil Kreams through the tubing to the wdl head. 

Fig. 10 iUnstiates a wdl completed for pro- 
duoion fr«moil Zones A and B and provided 
Witt lifting means employing extraneous 
gas. This assembly can be utilized in cases 
whwe the well does not pass through a gas 
sand and neither zone has sufficient pressure 
to make a flowing welL The weU comprises a 
casug 90 perforated adjacent Zones A and B, 
a tubing stimg 91 carrying a control device 
M ^ Figs- 2—6, a packer 

93 between Zcmes A and B and preferably a 
packer 94 above the upper zone although the 
latter pacier is not essential. The tubing strbig 
has a side pocket mandrel 95 above the upper 
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pa^er whidi is adapted to carry in its side 
pocket ftdcvicc 96 for admitting gas to the 
tubing. The mandrel comams a port through 
which gas <an pass to the device 96. TWs 
device can a flow control device of die 
T?pt deoribed m connection widi Fig. 8, with 
the dioke pon 74 bemg sized to admit gas at 
tiie de^ rate to the tidrfng. AltemaSvelv. 
device 96 of Fig. 10 can be a conventional eas 
injection valve which is set to open when Se 
gas ittcssure in the annuhs reaches a prcdetcr- 
mmcd value. Gas is admitted to the top of 
tlieannuhis through conduit 97 under soffiaent 
pressure to ^ the desired injection rate into 
the tubmg This effects lifting of the mixed 
^i^^ ^TS^ upwardly horn the conno! 
^eyicc 92 and altows tiie mixture to flow from 
tte well. In cases where the weU mbmg may 
t^d to load widi saU water, add^on^ 
adfc pocktt mandrek (not shown) can be pro- 
vided at Wghcr levels in the Cubing st^ 
This WOTiId permit unloading from a hi^r 
level and thus avoid having to apply too high 

noimUy woidd contam dummy vahcs any of 

device 96 on a wire line whenever it became 
deamble to gas lift from a higher level 

The control devices described herein for 
^fecang mukiple completion of wefls for 
sunultaneous flow through the weU tubmg offer 
many advantages over conventional oil field 
practice. WcU assemblies provided m accord- 
ance with die invention avoid die danger of 
aarxMion and eroaon of the casing or eliminate 
the disadvantage of multiple mbing strings 
^qn^g speaaKzed packers and weU head 
e<pn]^aent. The invention permits efficient 
^midtane^ depletion of any'Sr 
cUKJion formations throi^h a single strine of 
tubing. In conventional practice where choking 

plctiai weU w done at tiic surface, plugging of 

the diokes often occurs due to paraffin dewsi- 

^'A^ fftmatian of gas hydrates. ThiT is 

SS?^.^L?^ use of die present invention, 

ana the streams arc choked witiiin the control 

producing fonnaricn where 

nL^^"^ ^^^^^ ® neitiier 
paraffin deposition nor hydrate formation will 



65 



70 



75 



80 



85 



90 



95 



100 



105 



110 



Best Available CopV 



851,096 



occur. Nmncroiis other advantages derived 
from tbe present invention mU be appateot to 
persons sH^^*^ in the art. 
WHAT DECLAIM IS:— 
5 1. A device adapted to be poationcd m well 
tidnng adjacent an inlet pon therein for con- 
troIliDg flow of fluids into the tubing from a 
plurality fonnations wliicfa comprises a 
bouang having, a side port for communicatian 
10 with aid inlet port, means canied by ^ 
houang for renievably loddng the device adja- 
cent said inkt port in the tnbingj packing 
means for dosing the annnlar sp&ct between 
tbe housing and tubing above and belov7 saki 
15 ports, said hoosmg having an inicxnal flow 
channel extending upwardly from its adc port 
and a s^»arate intmal flow duumel for up- 
ward fluid flow from beneath the dcvicB, each 
of said ^? n ^^*^ communicating with a common 
20 fluid passageway leadix^ to the well tubing, a 
realiem r)^^ valve member in each of said 
cbamiels for preventing downward fluid flow 
thmiPj and diolce means in at least one of 
said channels for recfadng the pressure of fluid 
25 flowing tberetbiou^ 

2. A wdl flowing assembly for flow of fluids 
from a phsraliiy of producdon fonnaiions 
which assembly comprises a well tubing havmg 
a side pocket mandrel adjacent an upper f orma- 

30 tion, said mandrel having a port for flow of 
formation fluid into its side pocket, a housing 
portioned in die side poctet and having a 
ade port and a communicating internal flow 
channel extending through the housing, pack- 

35 jng means between the side podoet and the 
housmg above and below said ports, a resilient 
chedc valve member in said channel for pre- 
venting badiflow of fluid toward the formation, 
a choke in said f^q"«^^j and a second reslient 

40 check valve member in the wefl tubing beneath 
said mandrel for preventing badcflow of fluid 
toward a lower formadon* 

3. A well flowing assembfy for flow of fluids 
from a plurality of production formations 

45 which assembly comprises a weU tubmg having 
a side podcec mandrel adiacent an upper 
formation and another side podoet mandrel 
adiacent a lower fotmadon» each of said 
mandrels having a port for entrance of forma- 

50 tion fluid into its side pocket, a housmg posi- 
tioned in each of said side pockets and having 
a side port and a communicating internal flow 
channel extendmg through the housing, pack- 
ing means between each side pocket and hous- 

55 ing above and below said ports, a resilient 
dxeck valve member in eadi of said channels 
for preventing backfiow of fluid to a formation, 
and a choke m at least one of said diannels. 

4. Method of produdng a well which has 
60 been completed for producdon from a plurality 

of zones containing fluids under different 
pressures, said well having a well tubing con- 
taining entrance ports adjacent all of the zones, 
which comprises providmg within the well 
65 tubing a flow channel for fluid from a 2one 



of relatively high pressure and a separate flow 
channel for fluid from a zone of relatively low 
pressure, said chaimcls communicating with a 
common fluid passageway, flowing a stream 
of fluid from the zone of high pressure toward 70 
said common passageway, redudng the pressure 
of the fluid ahead of said passageway to a 
vali]e less than that of the low pressure zone, 
whereby a stream of fluid is caused to flow 
from such low pressure zone toward said 75 
common passageway, xnizing said streams in 
the common passageway and withdrawing the 
mixture from the welL 

5. Method according to Qaun 4 additionally 
cQmprising controllmg the rate of flow from 80 
die £w pressure zone by regulating the flowing 
pressure of said mixture at the locus of with- 
drawal from the welL 

6. Method of producing a well traversmg 
two oil zones one of which has suflSdem pres- 85 
sure normally to flow from the well and the 
other of which has insufficient pressure norm- 
ally to permit the dearcd rate of flow there- 
from, said well having a well tubmg cwitaining 
entrance ports adjacent both zones, which 90 
comprises providing within the well tubh^g a 
flow' channel from one of said zxmcs and a 
separate flow channel from the other, said flow 
channels conamunicating with a common fluid 
passageway adjacent the upper zone, flowing 95 
oil from die high pressure zone toward sud 
common passageway, reducing the pressure of 
the flowmg oil ahead of sndi passageway to a 
value less than that of the low pressure zone, 
whereby solution gas is released from fiquid 100 
phase, flowing ofl from the low pressure zone 
into said passageway and therein admixing the 
same with the fluid from the hi^ pressure 
zone, and utilizing the lifting acdon of the 
released gas to flow the mixture up the tubing 105 
and from the wdL , , 

7. Method according to Qaim 6 addinonally 
comprising controlling the rate of flow from 
the low pressure zone by regulating the flow- 
ing pressure of said mixture at the locus of 110 
withdrawal from the well. 

8. Method of produdng a well uaverang a 
high piessure gas zone axid an oil zone which 
has insufficient pressure normally to permit the 
desired rate of flow therefrom, said well having 115 
a well tubing containing entrance ports adja- 
cent both zones, which comprises providing 
within the weD tubmg a flow channel from one 
of said zones and a separate flow channel from 
the other, said flow channels communicating 120 
with a common fluid passageway adjacent the 
upper zone, flowing gas fran the gas zone to- 
ward said common passa^way, reducing the 
pressure of the gas ahead of swdi passageway 
to a value less than that of the low pressure 125 
zone, whereby oil flows from the oil zone into 
said passageway, and utilizing the lifting action 
of the ^5 to flow the oil up the tnbfaig and 
from tiie well. ^ 

9. Method f(x producmg a well from an iJt 
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upper zone having a pressnre insufficient to 
pcnmt the deslttd rate of fluid flow therefrom 
11 zone of high pressure In a cased 

weU haying a packer positioned between the 

3 two zoDes in the anmdns between the casing 
and wcU tubing and having an entrance port 
mttetubmg adjacent the upper zone which 
method annpnses providnig a one-way channel 
mm said port to a conamon fluid passageway 
m the tuhmg, flowing fluid fex)m the loJ^ zone 
iq> the tubmg toward said common passaec- 
way, throttling such flowing fluid ahead of 
said ^geway to regulate its rate of flow, 
whereby the pressure of such fluid is reduced 

« to a value mtennediate the prcssuies of said 
zone, alternatively mtrodudng and withdraw- 
ing gas under pressure to the top of said 
aonulus, whereby fltdd ia said annulns from 

on ?^ "^u^ foimation is imermrttcmiy forced 

20 through said one-way diannel imo said 
common passageway, and whhdrawing the 
resuhmg fluid mirture from the top of the 
tubmg. 

10. A weU assembly for producing a weU 
25 from an upper zone of low pressure and from 

a lower zone of high pressure which comprises 
a casmg perforated to permit flow from said 
zones, a well tubing within the casing havina 

30 Poaaoned between the two zones in the annulus 
bdtwecn the casing and tubing, means in the 
tubmg adjacent the upper zone providing a 
one-way channel from said flow port to a 

35 K^^i^P^^^y"'^^^^ means 
L^flJ?2!^^«^^P™^ channel for 
uma now irom tne lower zone to said 

Sf^lTK'/^.'? pressure 
01 tbe flmd from the lower zone ahead of the 
passageway, and means for ahemately intro- 
w doong and wttbdrewing gas into the top of 
swd annuhis to iniennittentiy fonx fluid from 
the annuhis throng said flow port 

11. Mediod producing a weU fcom two 
zones havmg different pressures each insuffi- 

«> aentto rauseflowfromtheweUatthedesited 
said vrcU having a casrag perforated at 
each of said zones and a tubing containing 
emrance ports adjacent eadi of the z^ 
wfach comprises providing within the wed 

50 tubing a flow channel for fluid 

we of die zones and a separate flow 
rtajind for fluid fcom the Sdier zoS 
commumcating with a con^ 

55 Paaag^y, flowing fluid from 

tte zone of higher pressure toward said 
common pusapway, reducmg the pressure of 
^ *?f P'^^^y to a value 

at f.^^ «"»ed to flow from such 

w '«»wpKa«ae2one toward aid common passaat. 
way, mmng said streams in the SmnSm 
passagew^ and flowing the mixture upwardly 
in the tubing, ijtrodudng gas in die annuity 
65 '^!SrS.^^."*'"^8>ndiniecringthe 
» swM mto said mature m the tubmg,^by 



Wdng the minure np die tubmg and from 
tne well. 

12. A weU flowing assembly for produdng 
a weU from two zones having diferent pressmtt 
which aanpnses a casing perforated set said 
zones, a tubmg withm the casing contninine 
anrance ports adjacent said zone^ meaiu 
^tubing fonning separate flow 
ctianneU from said entrance ports leadmg to 
a common fluid passageway, lealient check 

valve means in each of said channels to prevent 
badtflow to the foimations, and means for 
ummhng the fluid m the channel from tbe 
formauon of higjier pressure ahead of said 
passageway to reduce its pressure to a vahie 
lower than that of the lower presaire fonnation. 

a 4ll Sf,^^ producing 
a weu man two zones having different 
pressures each insuflSdent to cause flow from 
fte weU at the desired rate whidi comprises a 
Msmg perforattd at said zones, a tubing within 
tbe casmg contaming entrance ports adjacent 
said zones, means within the tubing forming 
seiMrate flow diannels from said entrance poru 
leading to a common fluid passageway, resili- 
ent check valve means in each of said channels 
bacMmv to the formations, means 
for throtthng the flmd in the diannelfrom the 
fiwrnanon of higher pressure ahead of said 
passageway to reduce its pressure to a value 
kwcr than that of the lower pressure formation, 
means for mtroducmg gas under pressure imo 
the annuhis between the tubing and casing, and 
means for mjeomg such gas into tteSbing 
above said separate flow channels. 

Ji^ A- "^P^ » ^ positioned in 

wen tubmg adjacent a side inlet port therein 
for controUmg flow of fluids imo tiieSg 
from a phirahty of formations which com- 
pnses a housing, means carried by the housinx 
for retncvably locking the device adjacent add 
^port m the tubmg, packing means for 
dwmg the anmilar space between the housing 
md ttSimg above and below said inlet portrl 
^ m housmg adapted to cooperate with 

formaoon, bafOe means within the housing 
u'^- crtcndmg upwardly 

^annd for fluid flowing upwaSly from 
teieath dic housing, said cLmdsSiS 
mdioke ports positioned adjacent to eal 

uoned In Mch of said channels to prevent 
downward flow therein. frevenr 

y«Jll 'J:J"'^ "^P*^ » positioned in 
weUtubing adjacent an miet port therein for 
conteoUmg flow of fluids imo Ae tubing from 
aptottoy of formations coastSISSd ^ 
S^^"J?P^' substamiaJly as herejn 
M S^^*,"^* « Figure 1 or FigS^ 
PI«„. a"*^!—*' ^'e^ 7 and 8, or 
"^'^^ accompan'ying 

16. A mediod of produdng a weU whidi 



70 



75 



80 



90 



95 



100 



ICS 



110 



lis 



120 



12S 



130 



Best Available CopY 



8 8S1>09S 

has bcca compIctEd far prodncrion from a mg drawings- 
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